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The Search for Superheavy Elements
The Discoveries of Elements 114, 116 and 118

Introduction
One of the outcomes of nuclear structure 
theory and the shell model is the possible 
existence of an “Island of Stability”.  This 
Island of Stability resides beyond the 
heaviest known stable isotopes of lead and 
bismuth, beyond the long-lived isotopes of 
uranium and plutonium.  The only possible 
way of observing these superheavy elements
is through their production using heavy ion 
beams and stable/long-lived isotope targets.
Various theoretical calculations have been
performed over the past 35 years that show
the Island of Stability resides somewhere
near Element 114, near the predicted closed shells Z = 114 and N = 184.  This “Island of Stability” has 
been reached using 48Ca ion beams and highly enriched plutonium, curium and californium targets. 

Results
During several experiments over the past 5 years, 1 atom of isotope 289114 was observed and 2 atoms of 
288114 were created in experiments with 48Ca ion beams and 244Pu targets.  3 atoms of isotope 292116 were 
created in experiments with 48Ca ion beams and 248Cm targets.  Each of the 3 292116 atoms alpha-decayed 
through 288114 with energies and lifetimes similar to those observed in the reactions that directly produced 
288114.  1 atom of 294118 has been observed with the possibility of another event from 118 also being 
observed.  In the second experiment to produce 116 using a 245Cm target, 5 atoms of 290116 have been 
observed.  Finally, a second run using 244Pu targets was completed and a total of 17 new atoms of various 
isotopes of 114 were observed.

Element 116 Results Additional Experiments
Based on the successes of the experiments to produce Elements 114, 116 and 118, an attempt was made to 
measure the excitation function for the 244Pu+48Ca reaction.  In addition to the first energy measured in 
1998-1999, three additional energies were run to complete the excitation function for this reaction. 

E*: 35.3 MeV, 1 Recoil-α-α-α-SF, 2 Recoil-α-α-SF
E*: 41.0 MeV, 0 Recoil-α-α-α-SF, 2 Recoil-α-α-SF, 7 Recoil-α-SF
E*: 46.9 MeV, 0 Recoil-α-α-α-SF, 1 Recoil-α-α-SF, 5 Recoil-α-SF
E*: 52.6 MeV, 0 Recoil-α-α-α-SF, 0 Recoil-α-α-SF, 1 Recoil-α-SF, 1 Recoil-α-α-SF

The decay chains are listed in a manner to illustrate chains with similar decay energies and lifetimes.

Future Heavy Element Experiments
In the past, new isotopes of heavy elements were discovered through their connection to known isotopes 
through their decay daughters.  To overcome the difficulties inherent in identifying new isotopes of 
heavy elements when there is no connection to known isotopes, another means is needed to positively 
identify the Z of these new elements.  One of the ideas
proposed in our collaboration is the use of
a mass analyzer to separate out lower Z
atoms to focus only certain Z elements on
a focal plane detector.  MASHA or Mass
Analyzer of Super Heavy Atoms will take
recoils from the collision of a 48Ca beam
and a ceramic uranium or plutonium target,
ionize them and accelerate them through
a series of magnets, finally being focused
onto a focal plane detector.  It is the aim of
this apparatus to positively identify new
isotopes of the heavy elements through a
direct correlation of decay energy and mass.

248Cm+48Ca Experiment
Total Beam Dose: 2.3×1019

296116*

292116

288114

284112

280110

SF

10.538 MeV
20.20 mm
55.0 ms

9.732 MeV
20.60 mm

9.806 MeV
20.73 mm
10.97 s

9.110 MeV
20.50 mm
152.6 s

177 MeV
20.59 mm
3.151 s

296116*

292116

288114

284112

280110

SF

10.478 MeV
18.85 mm
125.5 ms

13.261 MeV
18.24 mm

9.799 MeV
18.56 mm
306.4 ms

9.139 MeV
18.26 mm
88.54 s

222 MeV
18.55 mm
23.04 s

296116*

292116

288114

284112

280110

SF

10.570 MeV
27.86 mm
46.9 ms

10.799 MeV
27.78 mm

9.820 MeV
28.27 mm
2.417 s

9.090 (?+8.545) MeV

53.87 s

195 MeV
28.06 mm
6.928 s

Element 114 Results 292114*

289114

285112

281110

277108

SF

9.71 MeV
15.6 mm
30.4 s

16.5 mm

8.67 MeV
16.5 mm
15.43 min

8.83 (4.04+4.79) MeV
17.0 mm
94.68 s

172 (120+52) MeV
17.1 mm
16.55 min

244Pu+48Ca Experiment
Dose: 1.5×1019

288114

284112

280110

SF

9.87 MeV
30.6 mm
0.77 s

9.21 MeV
30.1 mm
10.34 s

221 (156+65) MeV
30.6 mm
14.26 s

30.5 mm292114*

288114

284112

280110

SF

9.80 MeV
11.8 mm
4.58 s

9.13 MeV
11.4 mm
18.01 s

213 (172+42) MeV
11.5 mm
7.44 s

11.7 mm292114*

σα: 0.37±0.03 mm
σSF: 0.20±0.01 mm

σα: 0.42±0.04 mm
σSF: 0.39±0.05 mm

σα: 0.50±0.10 mm
σSF: 0.25±0.10 mm

Preliminary Element 118 and Element 116 Results

294118

290116

286114

SF

11.640 MeV
7.28 mm
2.549 ms

10.767 (1.411+9.356) MeV
13.08 mm
42.1 ms
σesc: 2.16 mm

211 (192+19) MeV
8.38 mm
517.6 ms

13.206 MeV
7.07 mm297118*
σα: 0.67±0.04 mm
σSF: 0.37±0.02 mm

290116

286114

SF

10.865 MeV
30.56 mm
0.233 ms

193 (181+12) MeV
30.76 mm
328.0 ms

12.725 MeV
31.23 mm293116*
σα: 0.59±0.03 mm
σSF: 0.56±0.02 mm

249Cf+48Ca Experiment Dose: 2.5×1019 245Cm+48Ca Experiment Dose: 1.2×1019

290116

10.721 MeV
23.77 mm
12.3 ms

293116*
13.376 MeV
23.18 mm

286114

9.923 MeV
23.86 mm
2.273 s

282112

9.509 MeV
23.62 mm
8.303 s

278110
SF

178 MeV
20.98 mm
256.0 ms

σα: 0.58±0.03 mm
σSF: 0.87±0.09 mm

290116

286114

SF

escape

176 MeV
33.17 mm
913.7 ms

15.582 MeV
33.04 mm293116*

290116

286114

SF

escape

161 MeV
25.65 mm
506.4 ms

11.904 MeV
26.22 mm293116*

290116

10.74±0.31 MeV

6.016 ms

293116*
13.134 MeV
34.37 mm

286114

10.070 MeV
34.62 mm
898.2 ms

282112

9.542 MeV
34.31 mm
12.57 s

278110
SF

204 (187+17) MeV
34.64 mm
686.6 ms

σα: 0.61±0.03 mm
σSF: 0.67±0.03 mm

σα: 0.59±0.03 mm
σSF: 0.56±0.02 mm

σα: 0.59±0.03 mm
σSF: 0.56±0.02 mm

Summary/Chart of the Nuclides
294118
1.8 ms

290116
11 ms

292116
53 ms

287114
380 ms

283112
120 ms

288114
3.2 s

280110
10 s

284112
33 s

278110
290 ms

282112
6 s

249Cf(48Ca,3n) 
E*=29.2 MeV 1 R-α-F, φt=2.5×1019

244Pu(48Ca,3-4n) 
E*=35.3 MeV 1 R-α -α -α-F 2 R-α-α-F φt=1.5 ×1019

245Cm(48Ca,3n) 
E*=32.9 MeV 3 R-α-F 2 R-α-α-α-F φt=1.5×1019
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244Pu(48Ca,4-6n) 
E*=41.0 7 R-α-F 2 R-α-α-F φt=0.40×1019

E*=46.9 5 R-α-F 1 R-α-α-F φt=0.31×1019

E*=52.6 1 R-α-F 1 R-α-α-F φt=0.29×1019

248Cm(48Ca,4n) 
E*=33.1 MeV 3 R-α -α -α-F φt=2.3 ×1019
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21 s
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1.1 min
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11 min
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